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B pamkax ompenensiommMX ~—COOTHOIICHHA KOHTHHYaJbHOH TEOPUM  THIOYIPYro-BS3KOIIACTUYHOCTH  C
KOMOWHUPOBAHHBIM YIPOYHCHHEM HCCIEAYyeTCs KOHeuHas jaedopMaisi TOHKOCTCHHOH TPYOKHM MpHU CIOXKHOM
HATPYXKCHUHU. 3ajavya pacyera KOHCYHOM JeopMaldid TOHKOCTCHHOW TPYOKM TIpU COBMECTHOM JIECHCTBHU
paCTATUBAMOLICT0 YCWIMS U KPYTSAILIEr0 MOMEHTa CBeldeHa K 3amade Komm s CHCTeMbl TpeX KBa3WJIMHEHHBIX
muddepenmansHpiX ypaBHeHHU. [IpoBeeHO CpaBHEHHE TEOPETHYECKMX MaHHBIX C HM3BECTHBIMU B JIUTEPATYpe
9KCIIEPUMEHTABHBIMU pe3yJibTaTaMu Ui 00pa3ioB u3 Meau. [loka3aHo YIOBJIETBOPUTEIBHOE COOTBETCTBHE
pPACUYETHBIX M YKCIIEPUMEHTAIbHBIX TAHHBIX.
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VY paMkax BH3Ha4aJbHUX CIIIBBIJHOLIEHb KOHTHHYaJbHOI TEOPii riNONpYXKHHO-B'I3KOIIACTUYHOCTI 3 KOMOIHOBaHUM
3MII[HEHHSIM JIOCHIJKYEThCSI KiHIeBa AedopMallisi TOHKOCTIHHOI TpyOKM HpH CKJIQJHOMY HaBaHTa)KeHHI. 3aBiaHHs
po3paxyHKy KiHueBoi aedopmaliii TOHKOCTIHHOT TpyOKH TpH CHUIBHINA Aii PO3TATYIOHOro 3ycwiuist i 00epTaabHOTO
MOMEHTY 3BeleHa a0 3aaaui Komn s CHCTEeMH TpPbOX KBas3iMiHIHHMX JudepeHliiHuX piBHAHb. [IpoBeneHO
MOPIBHSHHS TEOPETHYHMX JIAaHHUX 3 BIZIOMHMH B JIITEpPaTypl eKCIIEpUMEHTaJIbHUMH PE3yJIbTaTaMM JJisl 3pa3KiB 3 MiJi.
[TokazaHo 3a/10BIIbHY BIANOBIHICTh PO3PAXYHKOBHX 1 €KCIIEPUMEHTAIBHUX JaHUX.

Kouosi crosa: e'sazkonnacmuunicms, einonpyscricme, Kinyesi oeghopmayii, moukocminua mpyoxa.
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A number of theories proposed to describe the visco-plastic deformation of metals in a wide range of deformation rates
and temperatures in the recent years. These theories are conventionally divided into two main groups; physical [3, 20,
23, 25, 27, 28] and phenomenological [13, 15]. In these works, special attention is paid to the description of viscoplastic
deformation under uniaxial loading. But the development of strain hardening is not considered, although they are very
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important to describe the deformation under complex loading. Defining relations of the continuum theory hypoelastic-
viscoplastic combined hardening recorded in this paper. Finite deformation of thin-walled tubes under complex loading
is studied in the framework of these relations. The problem of calculating the final deformation of thin-walled tubes
under combined action of compressive force and torque is reduced to the Cauchy problem for a system of three quasi-
linear differential equations. The author compared the theoretical results with the known in the literature [14], the
experimental results for samples of copper and showed good agreement between the calculated and experimental data.
Statement of the problem. Viewed viscoplastic deformation of thin-walled tube when specifying path loading. The
loading is carried out by compressive force and torque. Physical stress rate is expressed in terms of full velocity
gradient and visco-plastic deformation using hypo-elastic ratio. viscoplastic deformation is determined by the
generalized continuum theory hypoelastic-viscoplastic. It is based on the following assumptions:

1. The gradient of the deformation rate in the current configuration is the sum of the elastic and plastic components.
Each of these parts in turn, is the sum of the deformation and rotation speed.

2. The speed of the elastic deformation obeys hypoelastic relations with stiffness matrix, which depends on homologous
temperature.

3. The rate of plastic deformation is defined in the standard way as the product of the velocity direction of visco-plastic
deformation in the stress space in the current configuration and intensity of the true speed of viscoplastic deformation.

4. Deviator stress tensor is the sum of the active voltage or current and the internal “elastic” or residual stresses in the
current configuration.

5. Submissions for thermally activated flow stress is selected

. 0\ (7
= —_—— F — .
p=poox -2 e ()

6. The rate of change of parameters of isotropic and kinematic hardening take proportional to the intensity and speed of
visco-plastic deformation is given in summary form.

Ultimately, the problem of determining the stress-strain state is reduced to solving a system of four first order
differential equations.

In the current configuration deviator of stress tensor is the sum of the active stresses or yield stresses and the internal
“elastic: or residual stresses. The mechanism of occurrence of residual stresses is that the yield condition is
corresponded to the total deformation and not elastic and plastic deformation apart. Hence the non-uniform distribution
of the plastic deformation of grains always corresponds to the non-uniform elastic deformation, which results in internal
elastic forces that provide resistance to plastic deformation (and in some cases, such as unloading and loading of
opposite sign, on the contrary, help plastic deformation). This interpretation of the active and residual stress has been
proposed in [1] and has been actively used in the construction of theories of thermo-viscoplastic. Note that the nature of
the flow stress tensor introduced above is associated with short-range obstacles to dislocation motion, overcoming of
which can contribute to the thermal activation [4, 22, 23, 28]. Residual stresses occur due to long-range obstacles
resistance force related to the structure of the material and can not be overcome by the thermal energy of the crystal [23,
28]. Effect of temperature is only through the dependence of the elastic modulus on temperature. Representation for the
thermally activated flow stresses have the highest diversity. For their construction, in its simplest form, the approach
proposed in [28] is used.

The results presented show that a generalized version of the continuum theory of viscoplastic flow with combined
hardening sufficient precision allows us to describe the behavior of copper under complex loading.

Key words: viscoplasticity, hypoelastic, finite deformation.

BBEJIEHUE

B mnocnegHee BpeMs TpEUIOKEH UENbIA pAl TEOPUM Uil ONUCAHUSA BSI3KOIUIACTUYECKOU
negopManu MeTaJuUIOB B IIMPOKOM JHAara3oHe CKOpocTed nedopmalud M TemIeparyp. OTH
TEOPHH YCIOBHO Pa3JeNisAioT Ha JBe OCHOBHbIE Tpymmbl; ¢usuueckue [3, 20, 23, 25, 27, 28] u
¢denomenonornyeckue [13, 15]. B ynomsauyThix paboTax oco6oe BHUMaHUE YAESIOCh OMMCAHUIO
BSI3KOIIJIACTUYECKOTO JIeOPMHUPOBAHUSI TIPH OJHOOCHOM HArpy)K€HHH, TOTZa KakK BOIPOCHI
pa3BuTHs 1e(OPMAIIMOHHOTO YIPOYHEHHUS HE paccMaTpUBAIMCh, XOTS OHM OYEHb BAXKHBI JUIA
onMcaHus JeGOpMaIiy IIPH CI0KHOM HarpyXCHHH.

B Hacrosmieir paboTe 3amucaHbl ONpPENENAIONMe COOTHOIIEHUS KOHTHHYaJIbHOH Teopuu
TUIOYNPYTO-BsI3KOIJIACTUYHOCTH € KOMOMHUPOBAaHHBIM  yIpoyHeHHeM. B pamkax »THx
COOTHOILIEHUI uccienyercs KoHeuHas Jedopmanus TOHKOCTEHHOW TPYOKM TMIpH  CIOXKHOM
Harpy’keHuu. 3ajgada pacueTa KOHEYHOM JepOopMaluud TOHKOCTEHHOM TPYOKHM NMPH COBMECTHOM
JEMCTBUM PacTATUMBAIOLIEr0 YCHIIMS U KPYTAIIEro MOMEHTA CBeJieHa K 3ajnade Ko i cuctemsl
TpeX KBa3WJIMHEHHBIX au(pdepeHIuanbHbIX ypaBHeHUH. [IpoBeneHO CpaBHEHHE TEOPETHUECKUX
JIAHHBIX C U3BECTHBIMHU B JuTepaType [14] skcreprMeHTaNbHBIMU pe3ysibTaTaMu il 00pa3IioB U3
Meau. [loka3aHo y10BIIETBOPUTEIBHOE COOTBETCTBUE PACUETHBIX U DKCIIEPUMEHTAJIbHBIX TAHHBIX.
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ITIOCTAHOBKA 3AJTAYA

Paccmotpum TpyOKy, KOTOpasi HAaXOAUTCA IMOJ JCHCTBHEM PaCTITHMBAIOIIETO YCHIUS U KPYTALIETO
momeHTa. ITycte L, R, u R, o0o3HavaroT HauaibHYyIO JUTMHY, BHYTPSHHUH ¥ BHEUIHUN PaHyChl

TpYOKH, COOTBETCTBEHHO. Hauano KOOpAMHAT pacrioyio’KUM B IIEHTPE OJHOTO M3 KOHIIOB TPYOKH U
ocb Z COBMECTUM C OCbIO TPYOKH, Toraa jedopmainuio TpyOKH MpU PACTSHXKEHUU U KPYyYECHUH
MO>KHO OIHCATh CJIEAYIOIUM 00pa3oMm:

r=aR, 6=0+wZ, 7=17,

rae (R,0,Z) u (1,6,2) onpenensror nonokeHne MaTepuainbHOM TOUKH JI0 U 1oce aedopManuy B

L[I/IJIHH,Z[pPI‘IeCKOﬁ CUCTEME KOOpAuHAT, @ — OTHOCHUTEIIbHBIN yrojg 3aKpyduBaHUA, ¢ U A -
OTHOIICHHUEC PAANYCOB U IJIMH 0 U MOCJIC IIC(i)OpMaLII/II/I.

Hcrnonb3yss KMHEMaTHYeCKHE COOTHOIICHMS MOXKHO HOCTPOUTH TpagueHT nedopmaimu F u
rpaxueHt nedopmaruu ckopoctu L [14]:

F=cae o6z +ae, 0y +waR,e, o€, + 1€, ®€,,
- 4 ) )
L=F - F"=—e, ®e, —wle, ®ey+wleyee, +
(04

a - A
+—ep®€y+ ey ®E, +ZeZ ®e,,
o

e (€;,e0,6,) ¥ (€g,€q,€, ) — Ga3UCHBIC BEKTOPHI B TOYKE TPYOKH 10 M 1ocie AehopMaluy, U ¢
OTIPEIEIISETCS KaK

aRy,@

==

a Ry, =(R, + Ry )/2 ucnone3yercst BMecT0 R B TOHKOCTCHHBIX TPYOKax.

Jlnst nedpopMariu CKOPOCTH M BpallIeHHs MaTepraia oopasiia MOXeM 3aIucaTh:

1 c a ' ' A
D:§(L+LT)— e, ®e +—e, ®e, +£e9 ®ez+£ez®eg+—ez®ez,
(04

Ta 2 2 A
1 1 . . )
WZE(L_LT):_aRm ¢e, ®e9+aRm dey @€, +§e9 ®e, —gez ®ep.

Ipamuent nepopmamuu ckopoct L =FF! B Texymeil koHdHTrypanuum HpecTaBIseTcs Kak
cymma ynpyroit L® u mnactuueckoii LP cocrasnsrommux

L=L°+LP.
Kaxas u3 5TUX yacTeil L, B cBOIO odepeb, HpeICTaBiIseTcs Kak cyMMa ae(opMalii CKOPOCTH
(D¢,DP) u Bpamenns (W°®,WP):

1 1

e:1(Le+|_eT), We:%(Le—LeT), DF’:E(LMLPT), WF’:E(LP—LW).

2

ITyctb P u M — oceBoe ycuine W CKPYYMBAIOLIMI MOMEHT B IOMNEPEUYHOM CEUEHUHU TPYOKH,
COOTBETCTBEHHO. B Takom ciyuae HanpskeHus B TpyOke OynyT
O = O'ggeg ®99 + O-dez ®e9 + O'gzeg ®ez + O-ZZeZ ®ez y

D

rac
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p P
9= = 22r(R,—R,) 27aR,(R,—R))’

o - M B M
% 27r*(R,—R)) 27a’R:(R,—R))’

O =

Ckopoctb 1o SlyMaHHy JUIsl HANIPSKEHUI BBIYUCISETCS 110 hopMmyIie:

' =6-W-c6+6-W=

= (0'99 — ¢0y, )ea ®€y +(Uﬂz + (o0 _O'zz)i €po€, +

+[o.-92 +(O-66 — Oy )gjez ®e9 +(d-zz +¢O-Hz )ez ®ez +

A ; A ; A A ;
+—-—o0, ®€y +—O ®e, +—@0,6 ®€, +—O ®€e,.
0[Rm 96¢er 4 0[Rm 99¢e9 r aRm ¢ oz%r z aRm 29¢ez r

HCHOJ’IBSYSI TUIIOYHIPYIUC COOTHOLICHUS

ce=6-W°®.c+0-We =C®:D¢,

Ve

rie ¢ — MarepualbHasi CKOPOCTh U3MEHEHUs TeH30pa HanpsbkeHui Komm, 6'¢ — KopoTaluoHHast

IPOU3BO/IHAS B CUCTEME KOOPAMHAT BPAIIAIONIEHCs ¢ ynpyrum cimHoM, C°® — mocrosiHHas Matpuiia
YIPYTo# )KeCTKOCTH, KOTOpas 3aJ1aeTcsl TaK:

Ce=ZG(0){I+1_V2Vi®i]

3necb G(0)=G,g(0), € - romonornueckas Ttemneparypa (6=T/T,, T - Tekymas

Temmeparypa, T,, — Temneparypa miasnenns), G, — ynpyruit moayns caura mpu 0 =0, g(6) -

GyHKIUS, XapaKTepu3yrollas 3aBUCUMOCTb YIPYTOro MOJIyJs CABUTAa OT TeMIeparypbl, V —
ko3 ¢dumment Ilyaccoma, | wu | enuHWYHBIE TEH30pHI BTOPOTO M HYETBEPTOrO paHra,

cooTBeTcTBeHHO. Hanbornee mpuemnemoe Beipaxenue 1 Gpyukuun g (&) BBeaeHo B padote [26]
9(0)=1-0exp[ 0" (1-1/0)],

*
rac ¢ — xoHcTaHTa MaTepuraJia.

Moxem 3amnucarb
c'=C":(D-D°)-W’".c+c-W".

CkopocTh miacTH4eckod nedopManuyd M IUIACTUYECKOTO BpAallleHUs OMpeNeINM CTaHIapTHBIM
obpa3zom:

DP = pN, WP = pM

rne N — HampaBiieHHEe CKOPOCTH BSI3KOIUIACTHUECKON JieopMallui B IPOCTPAHCTBE HANPSHKEHUH B
Tekymeil koHpurypamuu, M — aHTUCUMMETPUYHBI TEH30pHBIH COMHOXHTENb ) —

o o - 2P - AP
HHTCHCHUBHOCTb CKOPOCTU HUCTUHHOHW BA3KOIIJIACTUYCCKOU I[C(I)OpMaI_II/II/I (p= §D :D ), S —

nesuaTtop TeH3opa HampspkeHu Komm (S=o-—tr(c)l/3). B panpHelmeM HCIOIB3YETCS
p p p y

yIpoIIeHHO# Gopmoii, mpeaioxkenHol B padore [14]:
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rac

n:\/(a-N—N-a):(a-N—N-a).

HaubonpmmM  pazHooOpasueM OTIMYAIOTCS TMPEACTABICHUS U TOCTPOCHUS TEPMHUYECKU
aKTUBUPOBAHHBIX HANpsHKEHUH TedeHus. B mpocreiiiieM BapuaHTe, HUCHONb3YyeTCS MOAXON,

npeUIoKeHHbIE B pabore [29] ¢ wmcmomb3oBammeM mapamerpa Z = pexp(Q/KT), xoropsiit
YUHTHIBAET COBMECTHOE BIMSHMS CKOPOCTH AedopMaluu [) M TeMIepaTypbl T Ha HampsykKeHHe
Tedenns 7(Z), rae Q — omeprus aktuBanmm, 1 K — mocrosuuas Bomeimana. Mcmons3syst oToT
T0JIXOJ1, MOJKEM 3aIUCATh:

p=0p exp(—&jsinh .
° 0 7,+r(p)) "’

rac

:\/g(s—g(e)a):(s—g(e)&), =2

niu

CKOpOCTI) HU3MCHCHUSA IMapaMCTPOB H3OTPOITHOIO MW KHHCMATHYCCKOI'O YIPOYHCHHUA MIPUMEM
HPOMOPLUOHATIBHBIME UHTCHCHBHOCTH CKOPOCTH BSI3KOIUIACTUYECKOH AehopMalvy U 3aJaJiM B
00001IICHHOM BHJIE, KaK U B padoTte [14]:

r=E, (r)p, a’ =E,(a)p,

E, = 5(d, ~d) ZE(') EO = 0[N -a®], a=a® +a®,

rne E; u E, — xoobdunuentsr ynpounenwus, a’? - KOpPOTallMOHHAs! CKOPOCTh, C BpAILICHHUEM
mOJCTPYKTYphl MaTepuana. Crenys padbote [14], nmpeacraBum ee B BUje:
a’ =a’ +WP.a—o- WP,
3nech o’ — cKOPOCTh Mo SymMaHHY OT O
YUCJIIEHHOE PEHIEHUE U PE3YJIBTATHI

3aMeHss B ONPEAEISAIOIINX COOTHOUIEHUSAX CKOPOCTH AeopMalMy U HAIpPsHKCHUH 1O (1)0pMyJ1aM
U, IPUXOJUM K CHCTEME YETHIPEX YPAaBHEHMM OTHOCHUTENIBHO YETBIPEX HEU3BECTHBIX « , A, é u

G g - TIpEICTaBUM OTY CHCTEMY B CIIELYIONIEM BHJIE:
a A :
E-I-VZ = (1— 2V) Nllpi

4G(9)v%+2G(0)(1—v)%+092(1—2v)¢5 = 61 (1-20) + (26 (0)Noy + M (1= 20) B,

(G(‘g)_0'90+o'zz)¢5:d'9z +(2G () Ny + (033 =05 )My ) P,

. e e a e A e 7 .
Ogp = (C2211 + Co )a + szss;“‘(czzzs + 0y, )¢_(2G(‘9)N22 +2M 03, ) p.

Hns pemenust cucrembl OummoOka! MCTOYHHMK CCHIIKH He HAaMJIEeH. BOCIIOIb3YEMCS METOJIOM

o =05(t),7 =04 (1)

Olinepa. Ecnu Tenepp 3agaTh TPAaeKTOPUIO HATPYKEHUS , TO B pe3yjabTare
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nomaroBoro peuieHus: cuctemMbl Qmmoka! UCTOYHUK CCBHIJIKH He HAaWJaeH. HaxoauMm & /1, ¢,
pa

e=1-Yi 771

%600 u ompenensem nepopMaluio A MOXHO MOCTPOHTH COOTBETCTBYIOLIYIO

TpaeKTopuio Aeopmarum.

Jis mpoBepkd pabOTOCMOCOOHOCTH TEOPHH HCIOJIb30BATIUCH JKCIEPUMEHTANIbHBIE JTaHHBIE,
noJy4eHHbIe B padote [14] mpu UCIBITAaHUSX TOHKOCTEHHBIX TPYOUYaThIX 00pPa3I0B U3 OTOXCGKEHHON
vean (OFHC) mpu pactspkenun npuOausutenbHo a0 13% W mpu COBMECTHOM KPYYEHHH C
pactspkeHueM npuonu3uTensHo 10 10%.

Tpaexropun HarpyxeHus 1oka3aHbl Ha puc. 1, Ha KOTOPOM y4acTOK 0—-C HpeACTaBIseT co00M

IIEPBYIO CTAJAMI0 HArpyXeHUsi KPY4EHHEM [0 IIJIACTUYECKOTO COCTOSHHUS, Y4YacCTOK C->U
OTBEUAeT YACTHUYHON pasrpy3ke oOpasma. Ha BTopom »sTame HarpyXeHHs pealn30BbIBAIOCH

Cxema HarpyeHua

0 il Yad 30°

y o% / / P

o, [ S

[
e —

| 90°
i - . . .
[

10 20 30 40

T

COBMECTHOE KpyU€HHE CO CXKaTHeM BJOJb JIyuel, HauuHarommxcs u3 Touku U, mon yrmamu, 0°,
15°,30°, 45°, 60°, 75°, 90° u 180° k ocu KacaTeIbHOTO HAIPSKEHHUS.

Puc. 1. TpaekTopus Harpy>XeHHs B IJIOCKOCTU O — V3r

B MPEACTABJICHHBIX BbIINIC COOTHOIICHUAX IS OIMMMCAHUA YIIPYIroro moBCACHUS UCIIOJIB3YHOTCA ABa
nmapameTpa, G mu V, a Ji1 ONHCaHUA BI3KOIIJIACTHUYCCKOI'0 IIOBCICHU, HavyaJIbHBIN npeaci
TCKY4YCCTH O'y U €ro MU3MCHCHHC IIpU H3O0TPOIIHOM YHPOUHCHUHN Rm . I[J'IH OIMMCaHusA

KMHEMaTHUeCKOTO YIPOUHEHHUs IPUHATHI ciexyromue napamerpsl ol?, af®, Y u AP . Bee stn
napaMeTpbl SBJIAIOTCS  XapaKTepUCTHKaMH MaTepuana M JOJDKHBI ObITh  ONPENENIEHbl U3
OKCIEPUMEHTAIbHBIX JaHHBIX. JUJIs 93TOro MCHIONb30BAINCH OKCIEPUMEHTAJIbHBIE JaHHbBIE
3aBUCHMMOCTH HaTypajbHOM JedopManuu CcIBUra OT KacaTeJIbHOTO  HAaNpsDKEHHUS  IIpH
3HAaKOIIEPEMEHHOM Harpy)XeHuu. B pesynbrate momdopa ObUIM MOJTYYEHBI CIEAYIONIME 3HAUYEHUS
KOHCTaHT MaTepHaia.

Tab6muna 1
g?*’ v ko-si: s do aél) aéZ) C(l) (52) po , 1/c m Tnﬂ KT y K 0*

3442 | 0,33 3 48 | 35 2,2 1,7 115 60 5-108 20 | 13565 | 296 | 0,9

*ksi — 1000 ¢hynmose na xeadpammetii oroiim

Ha puc. 2 nmoka3zanbl 3KCIIEpUMEHTANbHBIE JaHHBIE U PE3YJIbTaThl pacyeTa 3alvCaHHOM 37eCh
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Teopund Uil AedopMarlMl  CABHra. YCTaHOBIEHO, YTO TEOPHS  XOPOIIO  OIMHUCHIBAET
SKCIIEPUMEHTAJIbHBIE JaHHbIE. JTO MOHITHO U Pa3yMHO, IOTOMY YTO HCIIOJIb30BAIUCH JIaHHbBIE B
yetbipex Toukax C, D, E u F 151 o1ieHku MatepuaibHbIX TapaMeTpoOB MOJIEICH.

200

D
T
15.0 T
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. @ ; — 0P
50 3
A
0.0 T T o T T T | v
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Puc. 2. CpaBHeHHE 3aBUCUMOCTH KacaTeJIbHOTO HANpsDKEHHs — fedopManusi CABUIra IpH KPYYEHHH —
(9KCIIEPUMEHT, TEOPHS)

Puc. 3. [IpuBeIEHbBI PE3YIIBTATEI CBA3M KACATENLHOTO HANPSOKEHNS - 1e(QOPMAIiK C/IBUTA
BBIBO/IbI

Hpe,Z[CTaBJ'IeHHHe PE3YIbTAaThl ITOKAa3bIBAKOT, YTO O606H.[CHHBII>'I BapHuaHT KOHTHHyaHBHOﬁ TCOpHUUn
BA3SKOINIACTUYCCKOIO TCYCHHA C KOM6I/IHI/IpOBaHHBIM YIOPOUYHCHHUEM C }IOCTaTOqHOﬁ JUIA
HH)KCHCpHOﬁ MNPAKTUKU TOYHOCTBIO TMMO3BOJIACT OIMUCBIBATH MTOBCACHUC MCIU IIpU CIIOKHOM
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JIBOBICHUH 3Ir'H I30TPOITHOI IIJIACTUHHU 3 HACKPI3HOIO
MPSIMOJIHIAHOIO KOHTAKTYIOUOIO TPIIIIUMHOIO 3A HASIBHOCTI
MJIACTUYHUX 30H Y ii BEPIIMHAX TA 3SMIITHEHHS MATEPIAJTY

Omnanacosuu B. K., 1. ¢.-m. H., npodecop, Hukomumun M. M. . ¢.-m. H., mpodecop,
Cno6onsua M. C., k. ¢.-M. H., nonieHT, Anbdasinpka C. O.

JIvgiscokuil nayionanvhull yHigepcumem im. leana @panka,
eyn. Yuisepcumemcoka, 1, m. Jlvegis, 79000, Yrpaina

kafmech@franko.lviv.ua, alfavitska_solomiya@i.ua, slob@yandex.ru

ChopmysiboBaHO 1 pPO3B’SI3aHO 3agady MPO BOBICHWMH 3TMH PO3MOAUICHHMMH 3THHAJBHHUMH MOMEHTaMH Ha
HECKIHYEHHOCTI 130TPOIHOT IJIACTHHY 3 TpiuuHow. [IpumnyckaeTbes, Mo Mix Ai€X0 30BHIMIHBOTO HABAaHTAXXKEHHS Oeperu
TpilMHU OyQyTh KOHTAKTYBaTH IO 0OJIACTi MOCTIHHOI MIMPHUHU MOOJIM3Y OJHIET 3 OCHOB IUIACTHHHM, a Yy i BepIIMHAX
YTBOPSITBCS TIACTHYHI 30HU 3 YpaxXyBaHHSM 3MIIIHEHHS MaTepiary 3a JIHIHHAM pO3IOAIIOM HalpyKeHHS y HHUX Ta
BHKOHAHHSAM YMOB IUTaCTHYHOCTI Tpecka y BUTISAAI MOBEPXHEBOTO APy UM IUIACTUYHOTO IIAapHipa. 3a paxyHOK
KOHTaKTy OeperiB TPIIMHU PO3B’SI30K 33a[adi MoJaMO y BHTIIAAI CYMEPIO3UIIii JBOX 3a/Jad: IDIOCKOI 3a/1adi Ta 3aaadi
3rUHy (KIacudHa Teopis). [3 BHKOPUCTaHHSAM METONIB Teopii (YHKIIH KOMIUIEKCHOI 3MiHHOI Ta KOMITJICKCHHUX
MOTEHINalB TUIOCKOI 3334l Ta KJIaCHYHOI Teopii 3THHY IUIaCTHH PO3B’s3yBaHHS 3a/avi 3BEICHO J0 3aJadi JiHIIHOTO
CIPSDKCHHS, HAa OCHOBI SIKMX OTPHMAaHO aHAJIITHYHUI PO3B’SI30K 3a7adi B Kiaci QyHKIiH HEOOMEKEHUX Y BEPIIMHAX
IUTACTHYHHUX 30H. YHCIOBO BU3HAUCHO JOBXKUHY IUIACTHYHOI 30HH Y BEPIIUHI TPIL[HHH.

Kniouosi crosa: mpiwuna, 32um, i30mponHa niacmuHKa, KOMNJIEKCHI NOMeHYianu, 3MiyHeH s, NIACMUYHI 30HU.

JABYXOCHBIN U3rMB U30TPOITHOM IIACTUHBI CO CKBO3HOM
NPSIMOJIMHEMHOM KOHTAKTUPYIOIIEN TPEIUHOM ITPU HAJIMYUHA
IJIACTUYHBIX 30H B EE BEPIIMHAX 1 YIIPOUHEHUE MATEPUAJIA

Omnanacosuu B. K., 1. ¢.-m. H., mpodeccop, Hukomumuu M. M. 1. ¢.-m. H., mpodeccop,
Cnoboasta M. C., k. ¢.-M. H., noueHT, Anbdapuikas C. O.

JIvso6ckuu nayuonanvusii ynusepcumem um. Meana @panka,
ya. Yuusepcumemckas, 1, 2. JIveos, 79000, Ykpauna

kafmech@franko.lviv.ua, alfavitska_solomiya@i.ua, slob@yandex.ru

CchopmynupoBaHa W pelIeHa 3ajada O JIBYXOCHOM H3rHOE paclpeIeleHHbIMH H3TMOAIOIIMMH MOMEHTaMH Ha
0ECKOHEYHOCTH M30TPOIHOW IUTACTHHBI ¢ TpemmHoi. IIpeamomaraercs, 4yTo moj BO3JeiiCTBHEM BHEUIHEW HAarpy3KH
Oepera TpemMHBI KOHTAKTHPYIOT MO OONACTH MOCTOSHHOM IIUPHUHBI BOJM3KM OCHOBAHMH IUIACTHHBL, @ B €€ BEpIIMHAX
00pazyroTcst INTACTHYECKUE 30HBI C YUETOM yIPOYHEHUS MaTepHala 10 JIMHEHHOMY paclpeaeIeHHIO HalpsDKeHNS B HUX
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